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Sub-fossil diatoms represent an important archive of past environmental change in both terrestrial and marine settings (Mackay et al 2003; Leng & Swann 2010). A key advance in diatom analysis in recent years has been the application of stable isotope geochemistry to the four main elements (oxygen, carbon, nitrogen and silicon) that combine to form the diatoms frustule (Leng and Barker 2006).  In lacustrine and marine diatoms the ratios of oxygen and carbon isotopes have been used to investigate past changes in temperature (Schmidt et al. 1997; Crespin et al. 2010) ocean circulation, relative sea level and fresh/melt water input (Malin and Swann 2006) and the carbon cycle (Hurrell et al. 2011). Similarly, silicon and nitrogen have provided an insight into silicon (Leng et al. 2009) and nitrogen cycling (Kalansky et al. 2011). However, obtaining pure diatom samples has proven problematic, with contamination from biogenic and mineral sources of silica a well-documented problem (Lamb et al. 2007; Morley et al. 2004; Swann and Leng 2009). 
A range of techniques has been developed to separate and concentrate the frustules from clastic and organic material that comprises the bulk of a lake or marine core sediment sample. Floatation and density separation techniques (Schrader 1973; Ellwood and Hunter 1999) have been successfully used on a range of sample types but can potentially introduce additional chemical contaminants to the sample. Split-flow thin fractionation (SPLITT) (Rings et al 2004) offers an alternative approach, separating the diatoms and clastic particles under laminar flow according to their density and hydrodynamic properties. The technique can be very efficient but is often a very time consuming process. 












FCM is a technique that allows for the rapid, individual analysis of microscopic particles (Fulwyler 1965). Particles, known as events, are transported and aligned in a stream of phosphate buffered saline (PBS) solution. When each event passes through a laser beam, corresponding detectors generate a signal pulse. The width of this pulse is determined by the length of time the particle takes to pass through the laser beam. A larger pulse width is indicative of a larger event. The height of the pulse is indicative of the strength of the signal caused by the event. The values for the pulse height, width or area for each event from the detectors can be displayed in a variety of plots. By selecting particular regions of these plots, events that fall within these areas can be sorted away from the sample for collection. Sorting is achieved by applying a variable electrostatic field across the stream. Events can be sorted into a collection tube by applying the electrostatic field and deflecting the targeted events away from the stream, leaving the unwanted detritus to be routed to the waste. 
Although the FACS (Fluorescence Activated Cell Sorter) was developed to sort fluorescent particles, diatoms do not naturally fluoresce. Instead we are able to use the forward and side scatter detectors which allow us to measure the size and internal complexity of particles (Fulwyler 1965). Size (forward scatter) is estimated by measuring the amount of light being refracted by the particle when entering the laser beam. Forward scatter is an indication of size. Particles of the same size will have the same forward scatter measurement. Size difference is displayed respectively to the size measurement given by the machine. The maximum sized particle a flow cytometer is able to identify is machine dependant, but tends to be in the region of 1 µm to 100 µm. Internal complexity (side scatter), indicative of a particles internal and surface structure, can be measured from the amount of light scattered by the particle as it passes through the laser beam. Similar to forward scatter, particles with same structure will give the same side scatter measurements. 
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Figure 1 :  1a: Size – Pulse Width vs. Internal Complexity - Pulse Width dot plot displaying all events, selected population P1 coloured red. 1b: Brightfield image of sample before analysis and sorting by FCM. 1c: Internal Complexity – Pulse Height vs. Internal Complexity –Pulse Width dot plot displaying events from P1, selected population P2 coloured blue. 1d: Size – Pulse Area vs. Internal Complexity – Pulse Area dot plot displaying events from P2, detritus selected in P3, the unselected events are sorted. 1e: Brightfield image of sorted sample by FCM. The sample in this instance was dominated by Aulacoseira spp. Scale bar = 10µm.




